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. CONFIENTIAL

ABSTRACT

This report describes the results of an
investigation to evaluate, by means of chamber
tests, the protection afforded by Navy protective
clothing impregnated with various modifications
of the aqueous CC-2 impregnation system,

In tests of binder modifications, it was
found that:

(a) The low CP (25%) binder impregna-
tion system provides protection equal to
or greater than the 75% CP system.

(b) Pretreatment with an organic solvent
solution of CP btefore impregnation with a low
CP (25%) binder system does not result in im-
proved protection as compared to regular low
CP (25%) impregnation.

(c) Clothing impregnated by & system
using mineral oil as binder and Aresklene as
dispersing agent provides slightly less pro-

. tection than clothing impregnated by the
75% CP system,

- Tests on the effect of varlation of Zn0 content
in the low CP (25%) system indicated that up to at
least 25% ZnO, the protection provided is not
affected by the amount of ZnO present.

Investigation of modified methods of application
showed that:

(a) Clothing prepared from piece-goods
impregnation provides slightly greater protec-
tion than 75% or 255 CP system clothing.

(b) Clothing impregnated by the Fleld Set
(Light wWeight Simplified) exhibits an unusually
high degree of protection,

(c) In a preliminary test, Laboratory
impregnation of Arnzen clothing by the CWS Foam
Process did not result in increased protective
capacity as compared with the low CP (25%)
system,
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FIUENTIAL

A. Authorization

...,1 g"l
d’;»-

INTRODUCTICON

l, This work was authorized under Project
547/41, "Maintenance, Bureau of Ships", dated 16
December 1940, The problems which were proposed
for study were given in Bureau of Ships letter
S=77-2(D2), Serial 811 of 17 December 1940,

B. Statement of Problem

2. The purpose of this investigation was®
to evaluate, by means of chamber tests, the pro=-
tection afforded by various modifications of the
aqueous CC-2 impregnation system.

3. Included in the investigation were
studies of binder modifications, stabilizer modi-
fications and modified methods of application.

C. Known Facts Bearing on Problem and Theoretical
Considerations.

4, The original Navy aqueous process for
impregnation of protective clothing was based upon
the following formulation: CC-2 + 25% ZnO + 75% CP
(chlorinated paraffin) + 3.75% PVA (polyvinyl alcohol)
+ 9% dye. In this formula the percentage values
represent percentage based on the weight of CC-2,
The Zn0 acts &s a stabllizer to prevent degradation
of the cloth by neutralizing HCl resulting from any
decomposition of the CCe2 and CP. The CP serves as
a binder. It binds the CC-2 to the fabric and also
furnishes a medium for the reaction of CC-2 and H.
The PVA is a dispersing agent used in the prepara-
tion of a stable, uniform impregnation bath,

, 5., The various modifications of the
aqueous process which have been studied in this
investigation have been designed to improve the CC-2
protective clothing in one or more of the following
respects: \

(a) Protection against H vapor, Since
this is the primary purpose for which CC-2 impregnated
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clothing has been developed, 1t represents the
mest important consideration in improvement

of the clothing characteristics, Thus, im-
provements in othcer respects must not Ve
accompanied by a decrease 1n H vapor protection,

(b) Stsbility. This refers to
stabllity of both the CC-2 on the clothing and
the clothing itself during wear, storage, and
laundering.

(c) Method of application, This
pertains to methods of both impregnation and
reimpregnation. Improvements in this respect
are designed to improve the ease and efficiency
of impregnation, the uniformity of impregnation,
and the texture ("hand" or "feel") of the im-
pregnated clothing.

(@) kLvailzbility and cost of materials,
This involves substitution, wherever possible, of
materials which are more readily available and
less expensive,

The specific neture of the intsnded
improvements represented by each of the modifica-
tions evaluated in this study 1is describsd in
detail in the section of the report describing
each modification and the experimental results
obtained in its evaluation,

D. Previous ijork Done at this Laboratory.

7. This is thec eleventh of a serles of
reports on 'Chamber Tests with Human Subjects" in
which the results obtained in the evaluation of
various protective devices against the effects cf
persistent chemical warfare agents are reported,

8. The following KRL reports describe
the work done at this Laboratory in the develop-
ment of the origzinal cgueous impregnation process
and some of the mocdifications with which this
report 1is concerned:

(a) NRL Repcrt No, P-200C, "Frogress
Report on Protective Clothing,"dated 20 February
1943,
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(b) NRL Report No. P-2055, "Aqueous
Impregnating Systems of Chlorinated Paraffin
and Impregnite $-145", dated 12 May 1943.

(¢) NRL Report No, P=-2297, "A Study
of Chlorinated Paraffin as the Binding A4gent
for Protective Clothing Impregnated by the
Aqueous Process", dated 27 lay 1944.

(@) NRL Rsport llo. P=2406, "Wearing
Triaels of Protective Clothing at Camp Le jeune,
N.C.", dsted 13 November 1944.

(e) NRL Report No, r-2463, "Impreg-
nation of Protective Clothing in the Pilece
Goods", dated Febru=zry 1945,

(f) NRL Report No. P=-2521, "Stabllizers
for Permeable Frotective Clothing", deted 3 May
1945,

EXPERINENTAL

A. Procedure for Chamber Tests

9, The operation cf the HRL chamber
i1s described in detsil in NRL Report o, r=
2208, dated 22 December 1943, The general
procedure for conducting chamber tests is also
descrived in this report,

10. The chzmber tests invelved in the
present investigation wcre conducted as 1-1/2
layer "man break'” tests, In thcese tests each
men ¢Xposed in the chamber wus supplicd with the
following protective cquipment:

(a) Navy diuphragm mask, Mark III
or IV (with CC-2 impregnated sleceves on the hose
connccting tubes,)

(b) CC-2 impregnuted Arnzen sult,

(¢c) CC-2 imprernated rib-knit shorts,

(d) stoendard lavy undershirt (skivvy
shirt - unimpregnwstcd),

(¢) CC-2 impregnated cotton socks
(2 pair),

(f) CC=-2 impreznated ¢lbow=-length wool
gloves,
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(g) Overshoes (arctics).
(h) Protcecctive Cintment (5-330-
NC- III) for face and neck.

11, The subjects werec given successive
daily exposures to H vapor in the chamber under
the following conditions:

(a) CT = 1200 (60 min.)

(b) Temperature = 90+ G ,2°F,

(c) Relative Humidity « 65+ 3%,
(d) wind Velocity « 2 - 2.5 m.p.h.

12, The clothing was worn by the subjects
for 4 hours after a chamber exposure, The men were
examined and recad by the Medical Officer before esch
exposure, and each subject was withdrawn from the
test when he had incurred a reading of E (intense
erythema) c¢r greater on any part of his tody. The
successive dally exposures were continued until all the
men had "broken" 1i,e., reached a reading of E or
greater, The average number of exposures tolcrated
was used as the basis for evaluating the protecction
afforded by the clothing,

B. Original (75% CP) Aqueous System.

13, The original agueous impregnation system,
represented by the formula: CC-2 + 25% ZnO + 75%
CP + 3.75% PVA + 9% dyc, hss been evaluated in &
large number of chamber tests under the conditions
used in this investigation., The data obtained in
these tests are given in Tabtle I, The detailced in-
dividual data for these tests (c¢f Tebles XI through
XXIV in Appendices I & II) as well as for all sub-
sequent tests ars glven in the Aprendiccs. These
data include the readin.s of cach subject at 24 and
48 hours after thec last exposure. Summarized data
showing breaks per day for the different variables
studied are presented in Tables XXIV, XLI, XLV,
and LVI,
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Table I

Original {75% CP) Aqueous System

No, of Av., No, of Exposures

Test Started No, of Men Breaks Toleratad
3/21/44 7 6 2.7+
3/28/44 4 4 2.8
4/11/44 4 3 4,3+
4/25/44 7 6 5,9+
5/ 2/44 4 3 5,0+
5/ 9/44 5 4 5.8+
5/16/44 6 5 6.3+
'8/ 1/44 8 4 4 ,5++
10/ 3/44 7 7 4.0
10/31/44 8 8 4.4
11/21/44 _8_ 8 3.9

Totals 68 58 AV, 4.5+

14, 4s shown in Table I, 11 chamber tests,
using o total of 68 men (58/68 broken) gave a com=-
bined average of 4,5+ exposures tolerated for the
original aqueous impregnation system, This valus,
in addition to thet obtained in concurrent control
tests, 1s used as a basis for comparison in the
evaluation of most of the modified systems.

C. Binader NModificaticns,

185, 1In the original aqueous impregnation
system, chlorinated paraffin (75% of the CC-2)
was used as the btinding agent, BRinder modifications
evaluated in this investigetion included (a) reduction
of the CP content to 25% of the CC=2, (b) pretrcat-
ment of the cloth with CP before applying the CC=-2,
and (c¢) substitution of mineral oil for the CP.

(1) Low CP (25%) System

16, Laboratory tecsts h.ve shown that the
use of 75% CP results in a ccnsiderable build-up of
CP on the clothing on successive impregnations, (cf,
NRL Report No, P-2297), Tne primary purpose involved
in the study of a low CF (25%) system of imprcgnation
was to reduce this updtsirable "build-up". However,

-
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clothing impregneted by Li.ts formuletion has been

shown to exhibit equivalsnt laundering resistance,

with no decrease in stabt..it¢y toward storags ond *
weathering, as compaircl %50 the higher (75%) CP

system., In additi.:, recduction of the CP content

results in a seviry in materials,

17, The initial tests on low CP binder
modificarici consisted of a series of arm chamber
tests § which preliminary data were obtained on
the eff. -t of verietion in CP content and on a CP
premix formulation.¥ These tests werec conducted
as arm chamber "mgn break" tests under exactly
the same conditions as used for large chamber tests,
i.,., successive daily exposures at CT 1200 (60
min.) at 90¢F and 657 R,H. with 2 m.p.h. wind
velocity, The operation of the NRL arm chamber
is deseribed in NRL Report No, P-2219, "Chamber
Tests with Humen Subjects III., Design, Operation and
Calibration of a Chember for Exposing Forearms to H
Vapor!, dated 22 Jsnuary 1944,

18, In these tests the following aqueous
formulations were evaluated:

(a) CC=-2 with 25% CP.
(b) cc=-2 with 504 CP.
(c) CC=2 with 75% CP,
(d) CC=2 premix formulation,

In conducting the tests, sleeves impregncted by

the above formulations were worn underneath a

75% CP system CC=2 impregnated protective jumper,

In dressing the subjects, standard impregneted woolen
gloves were pulled over the sleeve, rolled back to
the wrist and then taped, The sleeves of the jumper

# This formulation is described in detail in NRL
Report No. P-2297, The process consimts of wetting
out the CC-2 and stabilizer in chlorinated psraffin
which has been diluted sufficiently with a solvent
such as tetrachloroethylene, The entire mix is then
emulsified and used in tl: same manner as the regular
aqueous process,
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were folded tack and taped so that & 3" strip of
the cloth to be tested was left uncovered, The
clothing was worn for 4 hours after cach exposure
and the successive daily exposures wers continued
until each man had incurred a rec¢cding of E on the
test ares 24 hours after exposure,., The results of
thiis test are shown in Table 1I (See also Tuble XXV
in Appendix III.).

Table 11

Arm Chamber Tests on Varietion Iin CP Content
.and rremix Formulation

He, of Av,No. of Exposures

Tesf Started cr lio, of lien Brceks Tolersted
2/9/44 75% 3 3 5.7
2/9/44 80% 3 1 7 0+
2/9/44 25¢ 3 2 7 O+
2/9/44 Promix 3 1 6,0+

19, The data 1n Table II indicated that
the 25 and 50% CP systams were os good &s, and
possibly better, than the 757 CP end ths premix
systems with regard to rrotective capacity,

20. Following these preliminary arms cheamber
. tests & number of largc chamber tests heove been
conducted using clothing impregnated by the low CP
(25%) formula: CC~2 + 25% Zn0 + 25% CP + 2.,5% FVA
+ 9% dye, anc the r>sults obtained in thesc tests are
given in Table III (See @lso Tebles AXVI through
XXXVI end Table XLI in 4ppendix III.).

Table III

Low CP (25%) System

Av, No, ol EXposures

Test Storted No, of lien l'0o. 0of Breaks Toleratecd
4/11/%4 9 3 1,84+
11/ 7/4% 7 7 G .8
11/14/:1 8 ) 1.2
11/21/44 9 8 3.8
3/27/45 4 4 4,3
4/30/45 8 8 8,1
5/15/45 15 11 7 9+
5/30/35 8 R 8.8
8/ 5/45 7 1 643
Totals 74 57 LV, 5,14
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20. The data in Table III show thaet in 9
chamber tests, involving 74 men (67/7% broken), a
combined average value of 6,1+ exposures tolerated
was obtained. This represents an increase over the
75% CFP system (Table I),

21, The tests on 4/11/44 and 11/21/44 were
accompanied by concurrent control tests with clothing
impregnated by the 75% CP system, The results of

- these tests have been shown in Tables I and III but
are reproduccd in Table IV for comparative purposes,

Table IV

Concurrent 75% and 28% CP System Tests

Impregnation No. of DNo. of Av.,No,of Exposures

Test Started System l.en Breaks Tolerated
4/11/44 75% CP 4 3 4,3+
4/11/44 25% CP 9 3 1,84+

11/21/44 75% CP 8 8 3,9
11/21/14 5% CP 8 8 3.8

22, Thesc tests do not show as significant

! an improvement as indicated by the combired average

y 2lues from Tebles I and III, However, i1t may be scen
that in thc test on 4/11/4% only 3 of 9 men wearing
sults impregncted by the low CP system had "broken
at the time the test was discontinued, as comparecd
with 3 of 4 men wearing suits impregnated by the
75% CP system. The diffcrence, therefore, is grcater
than indicueted by the cetual velues shown, In the
tcat on 11/21/44 nc difference betwaen the two iine
pregnation systems is indiceted. It has been concluded
on the basis of &ll tests that the use of the 25% C
Impregnution system provides protection equal to or
greater than that given by the 75% CP system.

(2) Pretroctment with CP.

23, 1t has previously teen indiceted (cf,
INRL Report No. P-2597 "Chamber Tssts with Human Sul.e-
Jects VIII. Evaluetion of Worn CC-2 Impregnsteod
Clothing") that worn solvent type clothing gilves
considerably more (about 100%) protcction after
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aqueous reimpregnation by the Fleld Set, M=1l, than
does worn aqueous type clothing reimpregnated in
tl.ie same manner. It was considered possible that
this incressed protection might be due to the mors
uniferm distribution of CP on the solvant type
clothing than on the aqueous type,

24, In order to test this hypothesis, suits
were prepared in the laboratory by the following process.
Ten suits were soaked in a 3-1/24 solution of CP in
Solvesso, wrung by hand, and tumbler dried, (This
represented a pretreatment with CP and was desigred to
give a uniformity of CP distribution comperable to
that of solvent type clcthing.). These 10 pretreated
suits and 10 untreated suits ware then impregnatcd in
a low CF (25%) aqueous bath contsining 7-1/2% cC-2.

25, Chamber tests of the pretreated and
untreated suits were conducted iIn the ctandard
manner, and thé results obtained are glven in Table V,
(See also Tubles XAXVII, XXXVIII, and XLI, in Appendix

I111),
. Takle V
Protrestment with CP
Impregnation No., of No. of A4v.,No,of Exposures
Test Started Method en Ereaks Tolerated
4/17/45 Pretrestment 7 5 10,1+
4/17/45 Untrected 8 7 10 41+

26, The dzte in Tcble V show that the
pretreatment with CP did not lead to any increzse
in protective value as compared with the untreated
sults, Both groups of suits exhibited an sbnormally
high degree of protection, tut it is btelieved that
this can be attributed tec o difference resulting frca
laberatory rather then plant impregnation technique,
It wz: cencluded on the basis of this test that
unifcermity of CP distribution is not the contributing
fector In the higher protection afforded by reimpreg-
nated solvent type clothing, and th:t a pretrestment
withh CP does not represent any improvement in the

CCNFIDENTIAL -9 -




aqueous impregnation system,

(3) Mineral 0il System

27, In leboratory work designed to improve
the ease of emulsification in the preparation of
aqueous system impregnation baths, it was found
that the following fcrmulation possessed advantages
in this respect; CC-2 + 15% Zn0 + 5C% mineral oil
+ 10% _Aresklene + 9% dye. Since this modification
produced no significant chznges in the wearing,
storage, or lsuncering characteristics cf the
clothing impregnst.d by this system, it was consi-
dered as representing a possivle substitute for
the CP process, providing the protective value was
not decressed, A4ccordingly, chacmber tests were
conducted on clothing impregnated by the mineral
oll system with the results shown in Tsble VI,

(See also Tubles XXXIX, XL and XLI in Appendix III),

Table VI

Mineral 0il System

Impregnation o, of No, of Av,lio,of Expcsures

Test Started Systen 2n creaks Tolerated
8/1/44 Nineral 011 8 8 3,9
8/1/44 75% CP 8 4 4 ,5++

28. The data in Table VI show thet the
protection afforded by the mineral oll system
impregnation is somewhat inferior to that afforced
by the 785 CP. The value obtained for average
moiber of expos res tolorated (3.9) i: less than
thaet obtained feor the concurrent control group
(1s544) snd is zlso less thun the combincd average
velue (1,5+4) for the 75% CP impregnation system (cf
Teble I)., On the basis of these dutw, which indie
cete thot mincral o0il 1is probutly not g satisfactery
~ bindirg ugent s CP, 1% wos concluded that, if CF
becomes unaveiloble, minerzl oil cun bs usca as a
substitute with no lurpe scerifllce in protection,

D, Stabilizer Kodificaticns,

29, 2Zinc oxide (257 of the CC-2) is used
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in the aqueous impregnation system as the
stabllizing agent. In this investigation the
only stabilizer modification studied consisted
of an evaluation of the e ffect of variation in
the Zn0 content of the impregnated clothing.

(1) variation in Zn0O Content.

30, For the study of the effect of varia-

tion in Zn0O content, three groups of sults were

impregnated in the laboratory by the low CP (25%)
aqueous system, Group I contained no Zn0O, Group 1I,
104 2n0, and Group III, the standard 25% ZnoO.
Chamber tests conducted with subjects wearing this
clothing gave the results shown in Table VII, (See
also Tables XLII through XLV in Appendix 1IV,),.

Table VII

Variation in Zn0 Content

Test Znd Content No, of No, of Av,. No, of Exposures
Started (% of CC=2) Men Breaks Tolerated
6/5/45 0 7 7 6.4

6/5/45 10 (11,7)+ 8 8 6.5

6/5/45 25 (27.7)% 7 7 6.3

4% By Analysis

31, From the results given in Table VII
it is evident that, within the range of 0 to 25%,
the Zn0 content of clothing impregnated by the low
CP (25%) system has no influcnce on the protective
value of the clothing, The average number of exe
posures tolerated for the O and 10% Znd suits are
in good agreement with that obtainecd for thc 25%
controls, and all the valuecs are in good agreement
witl, the combined average value of 6,14 for the low
CP (25%) system. (cf Table III). These data lead to
the conclusion that tho determination of the optimum
staebllizer (Zn0) content of CC-2 clothing impregnated
by the aqueous process can be based on a considerae
tion of the amcunt necessary to secure adequatc
stabilization under the most adverse conditions cf
storage ar usc,
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E. Modified Methods of Application

32, MNodified methods of aqueous impregnation
considered in this investigation were: (a) imprege
nation in the piecce-goods, (b) Field Set (Light
Vieight Simplified) impregnation, end (¢) foem process
impregnation,

(1) Piece=Goods Impregnation

53. NRL Report No, P=-2463 gives & complete
description of the work conducted by this Luborae
tory on impregnation of protective clothing in the
piece~-goods. This process consisted of treatment
of Arnzen cloth with 75% CP aquecus impregneticn
suspension {(CC-2 + 25% ZnO + 75% CF + 3.75% PVA
+ 9% dye) using standard textilo finishing equip-
ment, followad by the manufacture of protective
garments from the impregnated piece-goods, Potential
advantages to bc obtainad in the use of piece-gcods
impregnation were as follows:

(a) Grector latitude in formulation,

(b) Improved uniformity of impregnation,

(c) Economy in the use of chemicals,
reduced labor costs, and cxpanded
production facilitles,

34, Chemicel evaluation of clothing pre-
pared from picce-goods impregnated cloth has shown
that the laundering resistance, and storage stability
are equal to that of 75 and 25% CP aqueous improge
nated suits, ‘earing tcsts have indicated comperable
Cl+ retention and s reducecé tendency to become sciled,

35, The evaluaticn of the protective .
cheracteristics of piece-goods impregnuted clothing
conducted in this study consisted of three chambor

csts with concurrent control tests, Two of these
tests wore "man-treak" tests a2t the standard conditions,
The third, however, was a "screening" man break test
at CT 6000 (GO min,). Thc datea ovbtained in thoese
tests are presented in Table VIII. (Sce also Twbles
XLVI through LI and LVI in fppendix V.,).
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Table VIII

Plece=-goods Impregnation

Test Method Of No, of No. of Av,.,No.of Exposures
Started A4pplication CT Men Breaks Tolerated
4/25/44 Plece~goods 1200 4 1 6 3++
..4/25/44 Standard 212000 .7 6 .. . .5.9+ _ S
(75% CP System)
3/27/45 Piece~goods 1200 6 6 4,8
3/27/45 standard 1200 4 4 4,3
(25% CP System)
3/ 5/45 Piece-goods 6000 2 2 5.5
3/ 5/45 Standard 6000 8 8 4,8

(25% CP System)

36. As indicated by the data in Teble
VIII clothing prepered from plece-goods impreg-
nated cloth provides a slight but consistent
increase in protection as compared to the 75% CP
. and low CP (25%) aqueous system impregnations.
This greater protection can probably be attributed,
at least in part, to the more uniform distribution
. of impregnite on the piece-goods clothing.

(2) Field Set (Light Weight Simplified).

37. The Field Set, LWS, hrs been developed
by the NDRC as a method for both impregnation and
recimpregnation of protective clothing in the field,
The formulation used in this process is: CC-2 + 10%
Zn0 + 25% CP + 10% Arosklene + 94 dye. The clothing
1s impregnated by hanc using the bath made from the
packaged inrredients contained in the kit., The
method 1s designed as an emergency or semi-emergency
method for fleld use where plant impregnation facili-
ties are not available,

38, The cvaluation of the protection given
by elothing imprcgnated with the Field Sot was
carried out by mecans of a standard chamber test with
a concurrent control test using low CP (25%) impreg-
nated clothing, The results of the tests are givenin
Table IX. (See also Tables LII, LIII and LVI in
Appendix V.),
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Table IX
Field Set (Light weight Simplified) Impregnation

Teat Method Of No. of No, of Av, No. of Exposures
Started Application Men Breaks Tolerated
3/27/45 Field Set,LWS 5 3 10,6+

Low CP (25%) 4 4 4,3

- 3/27/45

39, It may be seen that the clothing impreg-
nated by means of the Field Set exhibited an unusual-
ly high degree of protection as compared with the low
CP (25%) control clothing. It is considered possible
that thils high protective e¢apacity is associated with
the use of Aresklene instead of PVA as the dispersing
agent in the formulation of the impregnating bath
rather than with the method of application, Indirect
evidence in support of this hypothesis has been ob-
tained in chamber tests of 75% CP aqueous system
clothing reimprognated with the Field Set, M-1,
which differs from the Field Set (Light Weight Simpli-
fied) only in the use of PVA as the dispersing agent,
(¢f£”NRL Report No, P=2597, "Chamber Tests with Human
Subjects, VIII Evaluation of Worn CC-2 Impregnated
Clothingﬁ). In these tests, the reimpregnated clothing
provided normal protection (4.0 exposures tolerated),
However, confllicting evidence was obtained in the
évaluation of clothing impregnated by means of the
mineral oil system (cf. page 10). 1In the tests of
this impregnation system, which involves the use of
Aresklene as dispersing agent, the protective
capacity of the clothing was found to be slightly
inferior to that of 75% CP clothing,

40, It was considered desirable on the basis
of the high degree of protection afforded by the
Fleld set clothing tc conduct chamber tests of clothing
impregneted in the plent with the same formula, Howe
ever, up to the present time, it has not been possible
to arrange a plant trial to prepare clothing using
Aresklene instead of PVA as the emulsifying agent,

(3) Foam Process Impregnation,

41. The CWS at Edgewood Arsenal has recently
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developed a modified aqueous impregnation process
called the "Foam Process"., This process is based
upon the application of the calculated quantity of
impregnating suspension to the clothing as a foem,
The :calculated amount for one batch of clothing is
added to the impregnator together with a small
amount of foaming agent such as Duponol, Aresklense,
or Nacconol, As the clothing is tumbled, the suse

- pension is converted into & foam which rises and

permeates the clothing., When the process is complete,
there is little or no 1liquid remaining in the machine,
and the clothing is removed and tumbler dried. The
proposed advantages in the use of this impregnation
process ure:

(a) Elimination of the possibility of
depletion of the bath and preferentiel absorption,

(b) A11 types of clothing may be impregnated
with the same suspension concentration.

(¢) Production of a smoother, softer, less
irritating surface,

(d) Improved laundering resistance.

42, In addition to the zbove advunteges of
the foam process, chamber tests et Edgewood Arsenal
have indicated that suits 1mpregnated by this method
provide greater protection ageinst H vepor than regular
Army -2 clothing,

43, The results of e preliminary chamber test
cornducted at this Leoboratcry in connection with the
eveluation of the foam process, &are shown in Table X,
(8ce also Tables LIV through LVI in Appendix V). The
sults used in this test werc standard Navy Arnzen suits
impregnated in the laboratory by the foam method as
described,

Table X

Foam Process-Impregnation

Test Method of No. of No. of Av, No, of Exposures
Started Application Men Breaks Tolerated
5/18/45 Foam Process 6 5 6.34
5/18/45 Low CP (25%) 15 14 7.9+
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44. The data obtained in this test are
not in agreement with those reported by the CWS,
The .average number of chamb :- exposures tolerated
by the subjects wearing foam process suits wes
less than the value obteined in the concurrent
control test with suits impregnated by the low
CP (25%) system. However, the value (6.3+) is
very close to the combined average value (6.1+ =
Table III) for the low CP (25%) system, Thus,
~on the basis of this tést, foam method impreg-
nation of Arnzen clothing does not result in an
increased protectlve capacity as compared with
the low CP (25%) system, 1In order to secure a
more e xtensive eveluation of the foam process,
however, it is plenned, with the cooperation of
the Cws, to conduct further chamber tests of
Arnzen clothing impregnated by the foam process
at the Edgewood Arsenal M=2 plant., Tests using
these suits will eliminate any variations which
might be attributed to laboratory rather than
plant impregnetion,
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SUMMARY AND CONCLUSIONS

l. Chamber tests have been conducted to
evaluate the protection afforded by various
modifications of the aquaous CC-2 impregnation
system. Binder modifications, stabilizer modi-
fications and modifications in the method of
application were studied,

- 2, The original Navy aqueous impregnation
system (CC-2 + 25% Zn0 + 75% CP + 3,754 PV4 +

9% dye) was used as the basis for comperison in
most of the tests of modified systems reported
here, It was found that in standard 1-1/2 layer
"man break" tests as carried out at this Laborae
tcry, clothing impregnated by this system provides
protection for a combined average of 4.5+ chamber
exposures.

3. In the tests of binder modifications it
was found thsat:

(a) The low CP (25%) aqueous impregnetion
system (CC-2 + 25% Zn0 + 25% CP + 2,54 PVA + 9%
dye) provides protection equal to or greater
than the 75% CP system « giving & combined average
of 6,1+ chamber exposures toleratcd,

(b) Pretreatment of clothing with an
organic solvent solution of CP before impregnation
with & low CP (25%) formulation does not result in
an increase in protection as compared to regular
low CP (25%) system clothing.

(c) Clothing impregnated by a mineral oil
system (CC=-2 + 15% ZnO + 50% mineral oil + 10%
Aresklene + 9% dye) provides slightly less protection
(average of 3.9 exposures tolerated) than clcthing
impregnated by the 75% CP system,

4., The tests on stabilizer modifieations, consist-
ing of a study of the effect of variation of Zn0
content, showed thet within the range studied (0 to
25% Zn0), the protection afforded by low CP (25%)
system clothing 1s independent of the amount of ZnoO
present,
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5+ The investigation of modified methoads
of application produced the following results:

(a) Clothing prepared from piece-goods
impregnetion provides slightly greater protection
than stendard system clothing (75% or 25% CP),.

(b) Clothing impregnated by the Field
set (Light Weight Simplified) using the formula-
tion: CC=2 + 10% Zn0 + 25% CP + 10% Aresklene +
9% dye, provides an unusuelly high degree of
protection (average of 10,6+ cxposures tolerated)
as compared with low CP (25%) control clothing.

(¢) Laboratory impregnation of Arnzen
clothing by the CWS Foam Process does not result
in an increase of protection &s compared with
the low CP (25%) systen,
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RECOMMENDATIONS

l., A4s a result of the experimental work reporte-
ed in NRL Report No., P=£2297, "A Study of Chlorinated
Paraffin as the Rinding Agent for Protective Clothing
Impregneted by the Aqucous Process', dated 27 May
1944, it was rccommended "that the present procedure
for impregnated clothing by the aquecus process be
modifised to reduce the eamount of chlorinated paraffin
binder from 75% to 25% by weight of the CC-2", This
-reccmmendation was subsequently adopted and the
present standard Navy impregnation system is the low
CP (25%) system. The results obtained in the more
extensive evaluation of this system described in this
report substantizte the above recommendztion,

2, It was recommended in NRL Report Nc. P=2463,
"Impregnation of Protective Clothing in the Plece-gcods",
dated February 1945, "that impregnation of cloth in
the plece-gocods be adopted in the event that present
plant cepzcity be required for reimpregnation". The
results of the prescnt investigotion lend empheasis to
this recommendation,

3. It is recommended that the minersl oii im-
pregnation system be used us 2o substitute system in
the event that CP is unavailzble,

4. It is recommended that =« stabilizer (Znl)
content up to 25% of the CC-2 be considered uas
heving no deleterious effect on the protective
charactéristics of aquecus prccess CC-2 impregnected
clothing. )

5. It 1s recommended that the Field Set (Eight
Welght Simplified) be considercd zs setisfactcery
for field impregnaticn and reimpregnation from the
stendpoint of the protective value of the resulting
clothing.

6., It is recommended th.t the use of Aresklene
s an emulsifying agent in thc¢ zquecus impregnaticn
process be investigcted in plont trials.

7. 1t is recommended th:zt, pending further
tests, the CWS Foam Process cf impregnzticn be
considered of no zdvantage over the present standard
Navy process,
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Appendix I

Table XI

Physiological Readings - Legend

Symbol Reaction
) | Ee _ _ Moderate Erythema
E Intense Erythema
E+ Papular Erythema 7
NPV Numerous Plnepoint Vesicles
v Vesicle
NV Numerous Vesicles

Readings of mild and questionable erythema
are not included since they are not considered
significant in tests of this nature,
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Table XII

Body Areas - Legend

Abbreviation Aresa Abbreviation Area

aaf anterior axillary folds le legs

aar anterior arms 1th lateral thorax

ab - abdomen - - - - - - 1w lumbar -

ale anterlor legs paf posterior axillary
folds

ar arms par posterior arms

ash anterior shoulders pen penis

athi enterior thighs ple posterior legs

ax axillae pop popliteal spsces

bt buttocks psh posterior shoulders

C7 7th cervical pthi posterior thighs

éf cutital fossae sc scapulae

cl clavicles scr scrotum

dh dorsum of hands uab upper abdcmen

dth dorsal thorax ulth upper latersl
therax

el elbows umar upper medial arms

fa forearms umthi upper medial
thighs

igf intergluteal folds uvth upper ventral
thorax

i1 i1liac crest vth ventral.thorax

ing inguinal wy wrist

kn knees
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Appendix I1
Detailed Physioclogical Data for

Tests on Original 4queous Impregnation System

Table XIII

Test No, la - Original (75% CP) System

Date Started: 3/21/44

No, of Exposures Readings (Hours after Last Exposure)
Tolerated ! 24 AN 48

[ ?

2 ' E sc,dth ' E ash,ar,cf,sc,dth
' E° scr,vth,sh,ar, ' E¢ 1lth,thi,le
' 1th '
|} '

3 ' E ash,aaf,ar,sc, ' No readings
' dth '
1 E° thi '
] ]

4 t E sc,dth t E° thi,le,sc,dth,sh
t E° ash,cf,pop,thi ¢
t 1

3 ' E sc,dth ' No readings
' &~ scr,sh,ar,pop !
] ]

2 ' E s¢ ' E thi
! E° aaf,ash,ar,dth ' E¢ cf,ar,sc,dth,pop
) 1

2 ' E s¢,dth ' E vth,sh,ar,ax,aaf
' E° sh,cf ' E° sc,dth,pen,thi,le
] t

S t E° scr,sc,dth ' No readings
' 1

AVe 2,7+

% Indicates, in this and subsequent tablesg, sutject
withdrawn from test for reasons other than a "break".
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Table XIV
Test No, 1b = Original (75% CP) System

Date Started: 3/28/44

No., of Exposures Readings (Hours after Last Exposure)
Tolerated ' c4 ! 48
t ]
3 ‘Esh " E° th,sc
'E°e scr,cf,sc,th '
1 1
2 't sh,pef * E sc,dth
'‘E° th,ar,aaf,sc '
' '
3 'E cf ' E cf
'E° ax,ezaf,ar,sc ' E° af
t t
3 'E sc ' E° sc,dth
'Be dth '
! !
t ?
] 1
Av, 2.8 ! '

CONFIDENTIAL




Table XV
Test No, lc = Original (75% CP) System

Date Started: 4/11/44

No. of Exposures - Readings (Kours after Last Exposure) °

Tolerated M 24 ~38
1

4 + E ax,dth,sc,paf, '+ E sh,ar,dth,1lth,sc,pop
' lth,cf E* thi,Lle
+ E* sh
1

S% + E¢ sc,dth Ee sc,dth,ar
1

S + £ ash E sh,lth,sc

+ E¢ th,sc,ar
1

E° vth,dth,ar

@ W W W s W W w @ W @ W@ = o u @

K ' E sc E+ sh,ar
+ E¢ dth,ax,pop, E dth,sc,lth,ax,pop
1 kn,sh,aaf,cf Ee cf,thi,pop
1
!
!
Av, 4,3+
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Table XVI

Test No, 1d - Original (75% CP) System

Date Started: 4/25/44

No. of Exposures Readings (Hours after Last Exposure)
Tolerated ' w4 ! 48
1 L
8 ' E sc,dth ' No readings
t* E° kn,ash,lth,aaf, !
' ar,cf,thi,pop !
J 1
6 ' E sc ' E ash,sc
* E* sh,aaf,lth,pop ' E° lth,ax,dth,bt
! !
7 ' E cf,ash,sc,dth ' E° cf,ash,sc,dth
t 1
3 ' NPV scr ' NPV scr
* E° sc,dth ' E¢ sh,aaf, sc
1 1
7 * E sc ' E sc¢,dth
* E° gh,ar,aaf,th ' E¢ sh,ar,1lth,thi,
! ! pop,le
| ' .
S ' E dth ' E ash,saf,lth,sc,dth
' E® scr,thi,le,vth, ' E* thi,pop,le,scr
' lth,aaf,sc,bt
|} ‘
7 ' E sc,dth ' E af ,dth,sc
' E° ash,cf,aaf,1th, ' E°* ash,1lth,bt
t le 1
§ 1
Av, 5.9+
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'Table XVII

Test No,., le - Original (75% CP)System

Date Started: 5/2/44

No. of Exposures Readings (Hours after Last Exposure)
Tolerated T 24 7 38

s T _

4 't E ser ' E+ scr
' E* ac,dth,bt,thi, ' Ee sh
1 le [}
|} ]

) ' E scr ' E¢ scr,bt,pe
' Ee thi,pop,le '
| ]

5 ' E+ gthi ' E+ dth
* E sc,dth,thi, t+ E ash,ax,aaf,sc,1lth,
' pop,le ! thi,pop,le
' E© gh,ar 1 E° bt
] 1)

6 ' E¢ gc,bt,kn ' No Readings E° or
' ' Greater,
' '
1 1

Ave 5,04
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Table XVIII

Test No. 1f - Original (75€ CP)System.
Date Started: 5/9/44

No., of Exposures k¢ ~dings (Hours after Last Exposure)
Tolerated ' 23 v 18
i L 1]

6 ' E 1th,ax,sc ' E ash,aaf,sc
' E° le,thi,scr,af, ' E* scr,dth,cf
! ash '
] ]

8# ' E° sh,sc,bt,thi, ' E°¢ sh,ar,sc,dth,pop,le
] le ]
] ]

7 ' E ing ' E scr
' E° ser !
] L]

5 ' E scr '* E ser,cf,thi,le
* E° sh,vth,cf ' E° ash,sc,dth
1 U .

) ' E scr * E vth,d4th,sc
' E° pe,sc ! E° scr,ash,aaf,bt,
! ' thi,kn
] [
|} !

Av, 5,8+
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Table XIX

Test No. 1g - Original (75% CP)System’

Date Started: 5/16/44

No., of Exposures

Readings QHours after Last Exposure)

Tolerated !

[ 1

6 ' E aaf,sc,dth ' E vth,sc,dth,paf,ar
' E° sh,kn ' E° scr,pen,kn,le
] ]

6 ' E sc¢,dth * E° scr,sc,dth
' E° paf,scr,sh '
1 '

6 ' E ser ' E° scr
* E° thi,kn '
|} '

8 * E ser ! E cf,ar,sh,sc,dth
* E° sh,th,ef,sc, !
' thi,le !
! '

4 ' E sc,dth ' E dth
1 !

8% * E® sc,dth,thl, ' E° sc,dth
' kn ]

. ' '
! !
Av, 6,3+
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Table XX
Test No, 1h - Original (754 CP)System
Date Started: 8/1/44

No. of Exposures Reedings (Hours after lLast Exposure)
Tolerated

]
' ]

3 'E scr ' E scr
' ' E° sh,pen
L ]

S# ' E¢ scr,sc,dth, ' E* sc,dth,thi,le
' thi,le !
1] 1

4i¢ ' E° scr,pen,sc '* E thi,le
' * E° scr,vth
1 ]

54 ' E° scr,sh ' E° sc,dth,scr,kn
1 1]

4ir ' E° ar,scr,pen, ' E sh,pen,sc
' kn * Ee c¢f,scr,el
! ]

5 * E sh,pop ' E°* sc,dth
' E° scr,sc '

Y ' ) t

5 ' E sec,scr ' E sh,ser,sc
' E° thi,le '
1 1

) ' E ser,pen ' E scr
' E° sh,sc ' Ee sh
! L]
1 J

AVe 4,54+
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Table XXI

Test No. 1i - Original 5752 CP) System

Date Started: 10/3/44

No, of Exposures Readings (Hours after lLast Exposure)
Tolerated ' '

] ]
5 +E agh,af,cf,thi, «+E ash,af,ar,cf,thi, kn,
+ kn,sc,dth,pop + sc,dth,pop,le
1E° ar '
1 '
(3 'E sc,dth,paf E sc¢,dth,pafl

1E° ash,thi,kn,popitE* ash,thi, kn,pop
1] 1
3 +E sc +E ash,th,sc,paf
1E® ash,ar,cf,dth,1E°® ar,cf,scr,thi,kn,el,
' thi,pop,le ' pop,le

t )
4 +E sc,dth, +E ax,thi,kn,sc,dth,pop
t+E° ¢f,thi,kn,el,
(] pop t
| 1
S 1+E sc +E ssh,aaf,cf,ar,sc,dth

1E¢ ash,aaf,ar,cf,+E® scr,thi kn,el
' thi,kn,pop,le

' 1
3 +E sc,dth +E sc,dth
1E¢ ash,aaf,cf, 1E° ash,aaf,ar,cf,thi,
' thi,kn,ar,pop,1kn,le,pop
' le '
! 1
4 +E ash,ar,cf,s¢c, +E ash,aaf,th,cf,sc,pthi,
1+ dth,pthi,pop v pop
1+E~» vth,pen,scr, +E° athi,kn,scr
' athi,kn '

! ]

Av. 4.0
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Table XXII

Test No, 1§ -« Original 5755 CP! System

Date Started: 10/31/44

No, of Exposures

Readings (Hours after Laq&gExgpsure)

Tolerated ' cd M
J L
3 ' E sc,sh ' E athi, kn,sc,th,af,pop,
' E¢ ax,thl,kn,pop ' ax,sh,ar
! dth '
! ]
3 ' E pop ' E pop
' E¢ ash,thi,kn,sc,' E® kn,psh,paf
! dth !
1 1
5 ' E ash,aaf,lth,cf,' E cf,pop,3h,af,ax,ar,
' le,sc,pop ' th,sc
' E¢ kn,dth ' E* kn
1 t
4 ' E+ pop ' E+4 sc,dth,psh
* E thi,le,ax,af, ' E ash,aaf,ax,ar,cf,th1,
't kn ' kn,le,pop
* ! '
S ' E psh,sc,dth,pop ' E kn,le,sc,dth,psh,pop
! E° ash,aaf,kn ' E¢ aaf,cf
~ t 1
S ' E sh,ar,cf,ax, ' E sh,aaf,cf,ax,thi, kn,
! pop,athi,kn,se,! s¢,dth,pop
't dth '
' E¢ pthi,vth,el !
1 ]
5 * E aaf,ash,ar,thi,' E ash,aaf,ax,th,thi, kn,
! kn,le ,pop ' le,sc ,pop
' E* psh,sc,dth * E° ar
1 J
S ' E sh,ar,sc,dth ' E sh,dth
* E* thi,kn,le,pop ' E¢ ar,thi, kn,pop
1 |
Y 1 !
Av, 4.4
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Table XXIII

Test No, lk - Original (754 CP) System

Date Started: 11/21/44

No, of Exposures ~ Readings (Hours after Last Exposure)
Tolerated 24 Y 48
4 E pop E pop
E* ax

3 E psh,sc,dth E c¢f,ax,psh,sc,dth,pafl

\
[ ]
] 1
U '
1 1
] '
t* E° ax,cf,ar ' E° ar,pop
1 1

) ' E ax ' E ax
t* E* cf,psh,s¢,dth ' E° cf,kn,psh,sc,dth
! t

3 ' E ax ' E ax
! ' E° athi,kn,psh,sc,dth
f t

7 ' E pop ' E+ pop
¢ E® c¢f,thi,kn,psh,' E sh,cf,thi kn,le
' sc,dth,ar ' E° sc,dth
1 t

3 ' E psh,sc,dth,paf ' E ax,psh,sc,dth,pafl
' E° cI',ar ' E° cf,er
1 t

5 ' E ax,cf ' E ax,ash
' E* psh,pop ' E° athi,kn,le,psh
! !

3 ' E ax,paf ' E ax,psh,sc,pal
' E° psh,sc,dth ' E° ash,sc,paf
1 1

Av, 3.9
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Table XXIV
Tests on Original (75% CPA) Aqueous System

Date No. of No,of Men Broken On Day No.-No, of Av,. No, Exps,

Started Men l 2 3 4 5 6 7 8 Breaks Tolerated
3/21/44 7 3 2% 1 6 2,7+
3/28/44 4 1 3 . 4 | é.é
4/11/44 4 1 11,1 3 4.3+
4/25/44 7 2 L 2% 1 6 5.9+
5/ 2/44 4 1 2 1% 3 5.0+
5/ 9/44 5 1 1 1 1 1% 4 5,84
5/16/44 6 1 3 1l 5 6 o3+
8/ 1/44 8 1 24324 4 4,54+
10/ 3/44 7 '3 2 1 1 7 4,0
10/31/44 8 2 1 5 8 4.4
11/21/44 8 5 1 1 1 8 3.9
Total 88 I 05 EIINEHIIZ B8  Ave 4.57
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appendix III
Detailed Physiological Data for

Tests on Binder Modificatlion

Table XXV

Test No, 2a = 4APrm Chamber Tests on

Variation in CP Content and Premix Formulation

Date Started: 2/9/44

Subject No. of Exposures Readings(Hours after Last Exp,)
No,o CP Tolerated AV, 24 43
1 75% 4 E E
2. " 6 E Ee
3 " 7 E E
547
1 50% T4 Ee Ee
, 2 " 7 E E
3 " T+ Ee E
7=O++
4 25% 7 E E
5 " 7 E E
6 " 7+ Ee E
740+
4 Pre=mix S E E
5 " 6+ Ee E-
6 " T+ Ee E
6,04+
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Table XXVI

Test No, 2b - Low CP (25f) System

Date Started: 4/11/44

No., of Exposures

Readings (Hours after Lagg Exposure)

Tolerated ' 24 !

S - . v S = PR AN " e _—

St ' E°¢ aaf ' No Readings E* or Greater
] ]

S« ' No Readings E° ' No Readings E°® or Greater
' or Greater '
(] |

S# ' E¢ sc,dth ' No Readings E°¢ or Greater
’ ]

S# ' E° s¢ ' No Readings E°® or Greater
\] 1]

S ' No Readings E° ' No Readings E° or Greater
' or Greater '
' ]

S# * No Reedings E° ¢t E°e sc,dth
' or Greater '
] ?

S ' E s¢ 't E° seo
' t

4 ' E scr,eaaf,ax t E° agh,aaf,th,cf,sc,pop,
' Ee dth,sc,sh ! le
! 1

4 * E dth,sc,sh ' E* sh,lth,ax,sc,dth
t* Ee cf,ar,ax,lth !
) ]

AVe 4,844
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Table XXVII

Test No, 2¢ = Low CP (25%4) System

Date Started: 11/7/44

No, of Exposures Reading%_iﬁcurs after Last Exposure)
Tolerated 48

! Y
1 L]
. ' 5 ' E psh,sc,dth ' E psh,sc¢,dth,lum

] 1

13 ' E ax !
' E®* psh,sc,pop ' E ax,paf
1 '

5 ' E sh,th,ax,s¢, ' E sh,aef,th,ax,cf,sc,lum
! lum,paf, pup ' E® kn
] '

5 ' E ex,cf,psh,s¢ ' E cf,psh
' E° ash,lum,pop ' E* &sh,ax,th,kn,sc,pop
] ]

11 ' E psh,ar,pop,ax ! E cf
! E¢ ¢f,thi,kn, ' E° par
! il,1e !
' '

5 * E psh,sc,dth,lum' E psh,sc,dth,lum
' E° pop ' E* auf
t ]

2 ' E psh,dth,sc ' E psh,sc,dth
' E° ash ' E° ash,cf
t 1
[} 1

Av, 6,6
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Table XXVIII

Test No, 2d = Low CP (25%) System

Date Started: 11/14/44

No, of Exposures Readings (Hours after Last Exposure)
Tolerated ! <4 ! 48

[ ]

4 ' E ar,cf,ax,psh, ' E sh,aaf,cf,ex,sc,dth,pop
' paf,sc,dth !
t E° ash,aaf,athi, !
' kn,le ,pop '
] '

4 ' E ¢f,psh,sc ' E sh,cf,ar,sc,dth
' E® ash,athi,kn, ' E¢ 1lth
! dth,ar,pop !
] 1 .

8 ' E ax,psh,sc,dth ' E ax,psh,sc,dth
' !

4 ' E c¢f,thi,kn,le, ' E ash,af,ax,lth,cf,ar,
! psh,paf,pop ! thi,kn,sc,pop
' E® ar,ax,sc,dth !
] '

4 ' E ¢ef,psh,pal, ' E aar,cf,psh,sc,dth
} dth,sc ' E° ax,par
' E° ash,ar,thi, kn !
L !

4 ' E sh,cf,ax,thi, ' E &ax,th,cf,thi,le,psh, 4
! kn,paf,sc ' sc,dth,pop i
' E® ar,le,pop ' E® er
1 '

4 ' E ax,af,psh,s¢ ' E af,ax,psh,dth,ar,pop
' E° ash,th,ar ' E° ash,kn,le
! '

3 ' E ar,sh,af,thi, ' E¢ vth,thi, kn,pop
! kn,sc,dth !
' E° ax,lth,cf,pop
! !

dve 4.4

CONFIDENTIAL




Table XXIX

Test No, 2e « Low CP (25%) System

Date Started: 11/21/44

No, of Exposures Readings (Hours after Last Exposure)
Tolerated ! <4 ! 48

— = - e -

3 ' E ax ' E ax
' E* psh,sc,dth ' E® psh,sc,dth
! 1

4 ' E ax ' E ax
' E° psh,sc,dth, ' E® psh,sc,dth,pop
! pop ]
| 1

S ' E cf,pop ' E ax,cf,thi kn,le,psh,
' E* ax,thi,kn, ! sc,dth,paf,pop
' psh,sc,dth '
! 1

4 ' E cf,aaf,paf,psh' 5 cf,paf,athi, lkn,psh,sc,
! ' dth,pop
! ' E° ash,aal,pthi,le
1 '

4 ' £ kn ' E ax,athi kn,psh,sc,dth
* E° ax,thi,psh, !
! sc,dth,pop !
1 t

3 ' E ax,sc,dth,paf * E ax,cf,psh,sc,dth,pal
' E® psh ' E® 'ash,aaf,vth,athi, kn,pop
1 1

4 ' E ax,af,psh,sc, ' E ash,cf,af,psh,so,dth
! pop ' E° 1th
' E® cf,th !
1 !

) ' E pop,ct ' E aaf,ax,cf,thi,,kn,psh,
' 'E° psh,sc,dth ' sc,dth,pop
1 '

Av, 5.8

CONFIDENTIAL




Table XXX

Test No, 2f -« Low CP (25%4) System

Date Started: 3/27/45

No, of Exposures

Readings (Hours after Last Exposure)
1. .-

Tolerated ' - 24 ' 48 -

T T

4 ' E+ athi '‘E athi,sh,vth,th,ax,af kn,
' E sh,af,aar,cf, ' sc
' lth,ax,kn,s¢, 'E° ar,cf,le,el,pthi,pop
! dth - !
' E° ale,par '
1 1

$ ' E umar,paf '‘E umar,ax,paf,psh,sc,dth
* E° sh,aaf,ax,thi,'E® ash,thi, kn,le,pop
' kn,ple,pop,sc,’
' dth '
L] !

4 ' E umar,psh,sc,dth'E umar,paf,psh,pop
' B¢ ash,aer,cf,ax,'E® 1lth,thi,lle,kn,sc,dth,lum
! lth,aaf,thi, '
! le ,kn,pop '
! !

4 ' E sh,s¢,dth 'E sh,sc,dth,paf
' E° aar,umar,cf, 'Ee¢ cf,umar,lth,ax,athi,
! lth,ax,thi,le,’ kn,ale
' kn,pop '
' '

Ave 243

CONFIDENTIAL




Table XXXI

Test No, 2g = Low CP (25%) System

Date Started: 4/30/45

No, of Exposures Readings (Hours after Last Exposure)
Tolerated 1 24 ! 48 .

! !

6 '‘E psh,sc,ax,ash t+ E cl,ash,umar,ax,ulth,psh,
tEe umar,cf,aaf,1th, sc,dth
' dth,pop + E* gaf,paf,pop
] !

12 'E ash,umar,cf,athi, + E ash,aar,umar,vth,uab,cf,
+ kn,ale,psh,par,el,: athi,kn,ale,pthi,ple
+ C,,sc,dth,lum, ' pop,bt
! thi,pop,ple ' E* psh,sc,dth,par,el
1 L]

9 'No Readings (Sick + E aar,cf,athi,kn,ale) !
' Bay) ' _ paf,pop ) 72
' ' E¢ umar,fa,dh,wr,psh) !
' ! par,el,sc,dth, ) hrs,
! ! pthil,ple ) !
) !

10 'E pop,ple " £ ¢cf,pop
'E¢ aar,cf,athi,kn, ' E° aar,athi,kn,ale,paf,
' ale,psh,sc,dth ' sc,dth,ple
' 1

8 'E ax + E ax,pop
tE¢ athi,kn,ale,pop ' E®* athi,kn,ale,pef,psh,

W ' ' C,, sc,pthi,ple

] !

8 'E pop ' E pop
‘E° umar,cf,kn,paf, ' E* umar,aar,cf,athi,kn,
! psh,el,sc,pthi, ! ale,paf,psh,el,sc,dth,
' ple ! pthi,ple
1 1

4 'E ash,umer,asar,cf, ' E ash,umar,sar,cf,ax,lth,
' eax,lth,vth,athi, athi, kn,ale,paf,psh,par,
' kn,ale,paf,psh, ! el,sc,dth,pthi,pop,
' el,sc,dth,pthi, ! ple
' pop,plo '
tEo par ]
] !

8 'E pop * E kn,pop
'Ee athi,kn,ale,pat, ' E* umar,cf,ax,ulth,athi,
! psh,sc,dth,pthi, ale,paf,psh,el,sc,dth,
! ple ' pthi,ple
1 t

Av, 8,4l

CONFIDENTIAL




Table XXXII

Tes® No, 2h - Low CP (25%)System
Date Started: 5/15/45

No, of Exposures Readings (Hours after Last Exposure)
Tolerated 8 L“""‘T““"'Zg—'

\J

~
7 ' E pthi,pop 'E pthi,pop
' E® ¢f, kn,paf,psh, 'E¢ athi,kn,ale,psh,el,se,
! par,el,sc,dth, dth
' igf,ple '
1 ]
7 ' E cl,athi,kn,ale, 'E c¢l,athi,kn,ale,pthi,pop,
'  pthi,pop ' ple
' E® ple ‘Ee el
t ]
3 ' E ash,aar,cf,athi, 'E ash,aar,uvth,athi,kn,
! kn,pthi,pop ' ale,pthi,pop
' E° umar,ulth,uvth, 'Ee umar,cf,paf,psh,par,el,
: ale,psh,par,el, ' Cn,sc,dth,ple
) C7,sc,dth,ple :
6 ' E psh,sc,dth 'E umar,ax,ulth,athi,kn,ale,
' E* umar,aaf,ax,lth,' paf,psh,sc,dth,pop
: athi,kn,ale,paf,:E° aar,cf
) el,pthi,pop,ple
7 ' E ax,pthi,pop,athi,'E umar,ax,ulth,athi, kn,ale,
! kn 'pthi,pop,ple
' E* aar,cf,lth,ale, 'E® ash,aar,cf,aaf,lth,paf,
! paf,psh,el,sc, ' psh,el,sc,dth
{ dth,ple :
6 ' NV psh 'NV psh
' E° athi,kn,ale,pop 'E kn,pop
: . :E° athi,pthi,ple
7 ' E athi,kn,pthi,pop 'E athi,kn,ale,pthi,pop
' E° umar,adr,cf, 'E®¢ umar,aar,cf,ax,ulth, paf,
! ulth,ale,paf, ! psh,el,sc,dth,ple
! psh,el,sc,dth, '
1 ple 1
] t
7 ' E ¢f,kn,paf,psh,sc,'E ¢f,kn,paf,psh,el,sc,dth
! dth,pop 'E° ash,umar,aar,ax,lth,vth,
' E* ash,umar,asar,aaf' athi,ale,pthi,pop,ple
! 1th,athi,ale,el,’
: pthi,plo '

(Continued on following page)

CONFIDENTIAL




Test No. 2h - Low CP (254) System

Table XXXII (Cont'd.,)

Date Started: 5/15/45

No, of Exposures

Readings (Hours af

ter Last Exposurs)
I

Tolerated ' ~ 24 0
J !
10 ' NV psh + NV psh
* E* ash,umar,cf,ax,' E uvth,pthi, pop,ple
' ulth,athi,kn, ' E° ash,umar,cf,aaf,ax,
! ale,paf,el,sc, ! lth,athi, kn,ale,paf,
! dth,pthi,pop, ! el,sc
' ple '
: ! ]
10 ' E cf,psh t+ E cf,dh,wr,athi,kn,ale,
' E° aar,athi,kn, ' psh,pthi,pop
' ale,paf,sc,dth ' E° paf,el,C7,sc,dth,ple
! '
10% ' E° athi,kn,ale, + E° athi,kn,ale,pop
' paf,psh,sc,dth )
' )
10 ' E paf,psh,sc,pthi,' E paf,sc,dth,pthi,pop
' pop + E° ax,athi kn,ele,psh,
' Ee kn,dth,ple ! ple
t t
10 * E athi,kn,cle,psh,' E athi kn,ale,psh,pop
! pop ' E* ¢f,el,pthi,ple
t Ee cf,el,sc,dth, !
' pthi,ple '
1 !
8 ' E pthi,pop ' E pthi,pop
' E* athi,kn,ale, * E* athi,kn,ale,ple
! el,ple '
! !
10 ' NV psh * NV psh
t E® ¢f,kn,pthi,pop ' E pthi,pop
] '
] 1

LV,

7 .04

Ee cf,athi,kn,ale,ple
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Table XXXIII

Test No, 21 = Low CP (25%4) System

Date Started: §/30/45

No, of Exposures Readings (Hours after Last Exposure)
Tolerated ' 24 1 38

] 1

10 * E aaf,ax,paf,sc ' E paf,sc
' Ee c¢f,psh,dth, ' E¢ c¢f,aaf,ax,psh,el,dth,
' pthi,pop,ple ! pthi,pop
| 1

10 '* E kn,el,pop * E kn,el,pop
' E° athi,ale,psh,' E° athi,ale,pthi, ple
' s¢,dth,pthi,
' ple '
] 1)

8 t E c¢f,pop * E cf,pop
' E° kn * E° kn,el
! '

8 '* E pop ¢+ E umar,ax,athi,kn,als, pop
' E° umar,ax,kn, ' E°® sar,cf,paf,psh,par,el,
' ale ' sc,pthi,ple
1 '

8 ' E cf,kn,pop ' E ¢f,kn,pop
* E* ale,psh,el, ' E° esar,ale,psh,el,sc,dth,

- ! Cn,sc,dth ' ple

] 7 L]

9 t E c¢f, kn,pop '* E ¢f kn,pop
t* E¢ esh,vthh,athi,!' E° umar,athi, ale,el
! ale,cl !
] ] . .

10 ' E kn ' E° umar,aar,kn,pef,psh,
t* E* umar,aar,cf, ! el,se,dth,pthi,pop
' athi,el,pthi,’
: pop,ple !
' t

7 ' E pop ' E cf,pop
' E® cf,kn ' B® kn,psh,el,sc
t L]

Av, 8.8

CONFIDENTIAL




Table XXXIV

Test No. 23 - Low CP (25%4) System

Date Started: 6/5/45

No. of Exposures Readings (Hours after Lest Exposure)

Tolcrated ! <4 ! 48
[] !
8 * E c¢f,kn,pop 'E kn,pop
' E¢ umer,lth,athi, t'E¢ athi,ale,paf,psh,el,
' paf,psh,el,sc, ! s¢,dth,pthi,ple
' dth,pthi,ple '
1 1
4 * E ash,psh 'E psh
t1Ee ¢f,kn,el,sc,dth,'E* ¢f,athi,,kn,alec,el,
' pop ' sc,dth,pthi,pop
' 1
8 t E kn,pop 'E kn,pthi,pop
¢t E° cf,athi,paf,psh,'E°c athl,paf,psh,sc,dth
' el,sc,dth,pthi,
! ple '
' )
6 't E pop 'E kn,paf,psh,sc,pop
' E° cf,athi,,kn,ale, 'Ee umar,cf,athi,alo,el,
' paf,psh,el,sc, ! dth,ple
' dth,ple '
d 1 1
5 ' Emf,psh,sc,dth 'E kn,pop
' E° athi,kn,ale, tE°e aar,athi,ale,paf,psh,
' per,el,pthi,pop,* el,sc,dth,pthi,ple
' ple 1
! ]
7 ' E ¢ef,ax,ulth,athi, 'E ash,umar,aar,aaf,ax,
! kn . t 1lth,athi,kn,paf,psh,
' E° ash,zuf,psh,s¢, ' sc¢,dth,pthi,pop
' dth,pthi,pop 'tE°e alo,cl,ple
[ ] 1
6 '* E kn,ale,pthi,pop, 'E athl,kn,ale,pthi,pop,ple
! ple 'Ee ash,umar,aar,cf,psh,
' E° ash,umar,aar, ! per,z1,sc,dth
! athi,paf,psh, !
' par,el,sc,dth,
' el 1
1 []
AV, 643

CONFIDENTIAL




Table XXXV

Test No, 2k « Concurrent Control Test for Low CP System

75% CP Aqueous System
Date Started: 4/11/44

"This test was conducted concurrently with Test No, 2b
(Table XXVI), The data aro prcsented in Table XV as Test
No, lc,s (Original - 75% CP « Aqueous System), The
average number of exposurss tolerated was 4.3+ (3/4 men
broken) ,

Table XXXVI

Test No, 21 -~ Concurrent Control Test for Low CP System

75% CP Aqueous System

Date 3tarted: 11/21/44

This test was conducted concurrently with Test No, 2e
(Table XXIX). The data arc piesented in Tabie XXIII as
Test No. 1k, (Original - 75% CP - Aqueous System), The
average number of exposures tolerated was 3,9 (8/8 men
broken) ,

CONFIDENTIAL




Table XXXVII

Test No., 3a = Pretreatment with CP

Date Started: 4/17/45

No, of Exposures Readings (Hours after Last Exposure)
Tolerated 2% ] — 48 '
1) ]
6 ' E pop 'E pop
' 'Ee kn
! 1
10 t E kn,pop . 'E kn,ale,pop
' E° athi,ale,psh, tEe athi,psh,sc,dth,
' sc,dth,pthi. ' pthi,ple
t ple 1
t t
7 * E g¢h,wr,athi kn, ‘E+ dh,wr
! pthi,pop,ple 'E athi,kn,ale,puni,pop,
* E¢ ale,psh,sc,dth ' ple
! 'E® psh,sc,dth
1) !
154 t* E¢ cf,athi,kn,ale, 'E® athi,kn,ale,psh,c7,
! psh,par,el,sc, ! sc,dth
! dth,pthi,pop, !
» ' ple !
| t
15+ 't E° cf,athi,kn,ele, 'E® c¢f,athi,lkn,cle,pop
! pthi,pop,ple !
1 !
11 ' E psh,sc,dth 'E psh,sc,dth
¢ !
7 * E kn,pop 'E umar,athi kn,ale,pthi,
't E° ax,lth,athi, '  pop,ple
+ ale,paf,psh, 'Ee cf,psh,sc,dth
! sc,dth,pthi, '
1 ple 1
1 !
Av, 10,1+

CONFIDENTIAL




Table XXXVIII

Test No, 3b = Control Test for Pretreatment with CP
aboratory Aqueous System pregnation C

Date Started: 4/17/45

No. of Exposures Readings (Hours after Last Exposure)
Tolerated §4“ ] 48

E umar,cf, paf E umar,cf,paf,psh,sc,dth

1
1 J

11 ' t
t+ E*» ax,athi,kn,ale, ' E* ax,athi,kn,ale,pthi,
' psh,s¢,dth,pthi, pop,pPle
' pop,ple !
] 1

12 * E kn,ale,pthi,pop + E ¢f,pthi,pop
t E*» aar,cf,athi,psh, + E* athi,lkn,ale,psh,sc,
' sc,dth,ple ' dth,ple
t ]

10 ¢+ E ¢f,kn + E ash,aar,cf,fa,lth,vth,
v+ E* umar,athi,ale, ' uab,athi,kn,psh,sc,
' paf,psh,sc,dth, par,el,C,,dth,lum
' pthi,pop,ple t E¢ umar,ale,paf,pthi,
! ' pop,ple

- 1 t

9 ' E umar,athi,kn,ale, ' E umar,athi,kn,pthi,pop

' psh,sc,dth,pthi, ' E® cf,ale,psh,sc,dth,ple
. ! pop !

* E° ash,aar,cf,ple '
t 1

8 '* E umar,cf,athi,kn, ' E umar,cf,lth,athi kn,
- paf,psh,pop ' ale,paf,psh,pthi,pop,
t Ee aaf,lth,ale,sc, ! ple
! dth,pthi,ple * E° ash,aaf,sc,dth
! 1

153 ' E° cf,athi,kn,ale, ' E® cf,athi,kn,ale,pthi,
' par,el,pthi, pop, ' pop
1 ple t
! f

10 ' E kn ' E kn
! E© cf,athi,acle,par, ' E°¢ athi,ale,par,el,pthi,
' el,pthi,pop,ple ' pop,ple
] 1

8 ' E athi,kn,ale ' E athi,kn,ale,psh,sc,dth,
' E* umar,aar,lth,psh,! pop
' sc,dth,pthi,pop, ' E* pthi,ple
] ple '
! '

Av, 10,4+

CONFIDENTIAL




Table XXXIX
Test No. 4a - Mineral 011 System
Date Started: 8/1/44

No, of Exposures Readings (Hours after Last Exposure)
Tolerated ' c4 v 48
o ] T T
3 'E cl ' E ser
' E° sh ' E* sh
L] 1
3 ' E ser,bt ' E ser
' E° vth,ar !
' '
S ' E sh,sc,ar ' E+ sh,sc
* E° vth,scr !
1 (]
4 ' E scr * E scr,s¢
' E° pen,sc,dth ' E° sh,pen
L !
4 ' E scr,thi,kn ' E ash,thi,kn,sc,dth
* E* vth,sc,dth, ' E°¢ cf,ar
! ! pop !
! - ]
4 ' NV vth,sh,cf,sc,' No Readings (Sick Bay)
- ' psh :
' E ser !
' E° pen,thi,kn, !
' le,el '
] ]
5 * E scr,thi,kn * E thi,kn,pop
* E° sc,le,pop ' E° le
! ’
5 ' E ash,thi, kn, * E ¢f,sh,ar,thi, kn,sc,
! sc,dth,cf, ! bt,pop
! scr,bt !
' E¢ cf,ar,pop, {
' vth,aaf '
t !
! '
Av, 3,9

CONFIDENTIAL
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Table XL
Test No, 4b - Control Test for Mineral 01l Systom

754 CP Aqueous System

Date Started: 8/1/44

This test was conducted concurrently with
Test No, 4a (Table XXXIX), The data are
presented in Table XX am Test No. lh., (Original=
75% CP - Aqueous System), The average number of
exposures tolerated was 4,54+ (4/8 men broken).

CONFIDENTIAL
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Appendix IV

Detailed Physiological Data for

Tests on Stabllizer Modifications

Table XLII

Téét No, Sa = Variétion ir Z2n0 Content

No Zno
Date Started: 6/5/45

No..of_Exposures Readings | Hours after Last Exposurél
. c4 J '

Tolerated

.ZB

b}
*
6 * E pop 'E pop,Ekle
¢t E°¢ cf,athi,kn,el, 'E° unar,cf,athi,kn,ale,
! fvhi,ple ' el,pthi
L ?
6 * E paf,sc ,dth 'E psh,sc,dth,kn
: t* E°¢ kn,psh,el,pthi,1Ee c¢f{,athi,el,pthi,pop
' pop,ple '
: ' [
8 ' E..psh,sc ‘E psh,sc,dth _
t* E° ash,aar,cr,ax, 'E® uwgh,umar,aar,cf,athi,
' athi,kn,ale el, kn,ale,el,pthi,pop,ple
' dth,ptai,pop,
U ple t
1 [
6 ' E umar,cf,ulth, 'E umar,cf,lth,paf,psh,
' paf t 8c,ath,pep
¢ E® kn,psh,el,sc, 'E°¢ ax,kn,el,pthi, ple
' dth,pop '
L] ?
7 't E pef,sc 'E paf,sc¢
' E¢ athi,kn,ule, 'Ee athl,kn,el,pop,ple
' el,pthi,pop,
1 plg []
] ] .
S ' E aXx,athi,pafl,sc, 'E ash,aar,cf,athi,kn,paf,
! dth ¢ psh,sc,dth,pthi,pop,ple
' E* ash,aar,cf,kn, 'E° umar,ax,par,el
! psh,cl,pthi, !
' pop,ple '
1 L]
7 ' E kn,paf,psh,sc, 'E umar,athi,kn,alc,paf,psh,
! dth ' sgc,dth,pthi,pop
' E¢ ash,umar,aar,cf!E¢ aar,cr,ex,lth,cl,ple
' aaf,ax,lth,athi}
' ale,el,pthi,pop!
! ple '
AV, 6.4

CONFIDENTIAL




Test No. Sb = Variation in Zn0 Contant -

Table XLIII

;gz Zno0

Date Started: 6/5/45

No. of Exposures

Readings (Hours after Last Exposure)
- 48

Tolerated ' X3 '
L |} .

8 * E kn,ale,pop t E kn,ale,pthi,pop,ple
t E° cf,athi,psh,el, * E° cf,athi,el" o
' s¢,dth,pthi,ple ¢
] 1

7 t E cf,pop t E cf,kn,puaf,el,pop
t+ E°¢ umar,athi,kn, ' E° lth,athl,ale,psh,par,
' ale,paf,psh,par,! sc,dth
' el,C7,sc,dth, !

! pthi,ple '
1 1

6 t E psh,sc,dth * E psh,sc,dth
t* E° ash,athi,kn,par,!' E° ash,athi,kn,ale,par,
! el,pthi,pop,ple ! el,ptali,pop,ple
1 [}

7 ' E ash,psh,pop * E ash,kn,paf,psh,el,pop
' E° umar,athi,kn, ' E° aar,athi,ales,sc,dth,
! ale,paf,cl,se, ! pthi,ple
' dth,pthi,ple '

] )

4 ' E paf,psh,sc,dth, ' E lth,paf,psh,el,sc,dth
' el t E¢ awar,cf,kn,pthi,pop,ple
¢ E° umar,uvar,ctf, '

! ulth,kn,pthi, '
! pop,ple !
] ]

6 * E uvth,psh,sc,dth ' E ash,uvth,kn,psh,sc,dth
' E° umar,ax,lth,kn, ' E* aar,cf,2x,lth,athi,el,
' el,pthi,pop,ple ' pthi,pop,ple
] t

7 * E ef,kn,el,sc,puur,' E ¢f,uvth,el,pop
! pop ' E¢ ¢cl,ash,aar,atndi kn,psh,
* E® cl,ash,scr,vth, par,Cn,sc,dtn,pthi
' psh,dth !

t 1

7 ' E umar,cf,athi,kn, ' E ¢f,ax,athi,kn,ale,paf,
' paf,psh,sc,dth ! psh,sc,dth,pthi,pop
' E¢ ash,sar,ax,1lth, ' E* ash,aar,sat ,lth,cl, ple
! ale,el,pthi,pop,’

1 ple 1
L] ]
AVe 645
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Table XLIV

Te.st No., 5S¢ - Concurrent Control Test for

Varjation In ZnO Content - Low CP System (25% Zno0)

Date Started: 6/5/45

- This test was conducted concurrently with Test
Nos. 5a .and 5t (Tables XLII and XLIII), The data
are presented in Table XXXIV as Test No. 2J (Low CP
System). The average number of exposures tolerated
was 6,3 (7/7 men broken),

CONFIDENTIAL




Table XLV
Tests on Stebilizer Modifications

Date No., of Stabilizer No. of Breaks on Day No,_ No. of Av.Exp,

Started _Men  Modification 1 2 3 4 § 6 7 8 Breasks Tolerated
6/5/45 7 No Zno | 1 3 21 7 6.4
6/5/45 8 10% Zno 1 2 4 1 8 6.5

##6/5/45 7 None (25% Zno) 1 1 2 1 2 7 6.3

st# Concurrent Low CP (25%) System Control Test

CONFIDENTIAL




Appendix V
Detailed szpiolog}cal Data for

Tests on Modified Methods of Application

Table XLVI

Test No, 68 = Plece-goods Impregnation

' Date Started: 4/25/44

No. of Exposures Readings (Hours after Last Exposure)
Tolerated ' 24 ! 48

f [

4 ' E sh,sc¢ * [ lth,ar,sc,dth
t 1 EQ sh
¢ [ ]

T4 ' E* sh,sc ' No Readings
1 ] 4

T4 ' E¢ bt,pop ' No Readings
' 1 ]

T3¢ ' E° s¢ ' No Readings
‘ ]

AV,e 6 3++
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Table XLVII

Tesf No, 6b - Plece-goods Impregnation

Date Started: 3/27/45

Ee aaf,lth,athi,lkn,
ale,pef,psi,sc,
pthi,pop,ple

E¢ cf,aaf,ax,ulth,athi,
kn,ale,paf

No, of Exposures Readings (Hours after Last Exposure)
Tolerated ' <4 ! 48

' L

3 ' E athi,kn,psh,sec, ' E ash,aar,cf,aaf,ax,
! dth,pthi,pop,ple ! lth,athi, kn,ale,paf,
' E° ash,umar,aar,cf, ' psh,par,el,sc,dth,pthi,
! ax,lth,ale,par, pop,ple
1 el U
' 1

4 ' E umar,paf,pop '* E umer,ax,ulth,athi, kn,
'* E® cf,ulth,athi, kn, ' paf,psh,sc,dth,pop
' psh,sc,dth,pthi, ' E° cf,sle,par,el,pthi,
' ple ! ple
1 1

4 ' E ash,aar,cf,ax, ' E+ athi
' lth,athi,kn,paf, ' E ash,umar,aar,cf,ax,
* psh,sc,dth ' ' lth,kn,ale,paf,psh,
! E¢ ale,par,cl,pthi, ! par,el,sc,dth,pthi,
! pop,ple ' pop,ple
1 1

, 3 ' E ash,aar,aaf,1th, ' E ash,sar,cf,1lth,vth,

! vth,psh,sc,dth ' athi,kn.ale,paf, psh,
' Ee c¢f,ax,athi, kn, ! sc,dth
! ale,par,cl ' E* ax,par,ei,pthi, pop,
! ! ple
! 1

6 ' E athi,kn,ale,pthl, ' E aar,cf,athi, kn,ale,
' pop,Pple ' psh,sc,dth,pthi,pop,
t* E¢ aear,cf,psh,sc,dth! ple
! * E° ash,par,el
! ]

9 ' E ax,dth ' E psh,sc,dth
! J
f 1
1 !
] |

AV, 4.8




Table XLVIII

Test No, 6¢c = Pieoé-goods Impregnation

CT 6000 (60 min,)

Date Started: 3/5/45

No, of Exposures Readings (Hours after Last Exposure)
Tolerated ' 24 ! 48

¢ t

6 t* E umer,athi, kn,pef, 'E ash,umer,cf,aaf,kn,
' psh,sc,pop ' paf,psh,sc,pop
'* E° ash,aar,cf,cle, t'Ee 1lth,athi,ale,esl,dth,
: C7,dth,pthi,ple : pthi,ple

S ' E ash,cf,paf,psh, sc, 'E ash,umar,aar,cf,aaf,lth,
' dth vth,athi,kn, ale,paf
' E° umar,aar,ax,lth, ' psh,sc dth,pthi pop,
! athi,kn,ale,el, ' ple
! pthi,pop,ple '
1
’

tEe el
t

Av, 5¢5
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Table XLIX

Test No., 6d = Concurrent Control Test for

Piece~goods Impregnation = 75% CP Agueous System
Date Started: 4/25/44

- This test was conducted concurrently with Test
No., 6a (Table XLVI), The data are prosented in
Table XVI as Test No, 14 (Original=~75% CP=-Aqueous

System) . The average number of exposures tolereted
was 5.9+ (6/7 men broken),

Tablo L

Test No, 6e -~ Concurrent Control Test for

Pilece-goods Impregnation - Low CP (25%4) System

Date Started: 3/27/45

This test was conducted concurrently with
Test No, 6b (Table XLVII), The data are presented
in Table XXX as Test No, 2f (Low CP System). The
average number of exposures tolerated was 4,3
(4/4 men broken).
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Table LI

Test No, 6f - Concurrent Control Test for

Plece-goods Impregnation - Low CP (25%) System

CT 6000 (60 Min,)

Date Started: 3/5/45

No, of Exposures Readings (Hours after Last Exposurs)
Tolerated ' 24 1 48
J ' .
6 + E paf,psh,sc,dth v E ash,umar,cf,1lth,athi,
+ E¢ ash,umar,aar,cf, kn,ale,psh,sc,dth,
' lth,athi,kn,pthi,. pthi,pop
' pop,ple + E° el1,ple
] 1
3 + E psh,sc,dth + E paf,psh,sc,dth
v E° 07 . + E° ash,umar,gsaf,lth,vth
' t
3 v E psh,sc,dth + E ash,psh,sc,dth
' 1 Ee¢ cf
] 1
. S + B paf,psh,sc,dth, v E+ pop
' pop + E athi, kn,paf,psh,sec,
v Be C7,pthi,ple 1 dth,pthi, ple
' 1 E° cf,ale
J [}
S + E athi, pop '+ E+ pop
+ E¢ ¢l,ash,1th,kn, t+ E 1lth,athi kn,ale,paf,
' ale,paf,psh,Cqy, psh,sc,dth,pthi, ple
! sc,dth,pthi,pie v Ee cl,umew,cf‘,c.7
1 t
S ! E psh,sc,dth,pop ' E ax,paf,psh,sc,dth
! E° ax,lth * E° ash,cf,athi,kn,alq
' ! pthi,pop,ple
1 1
4 * E paf,psh,sc,dth, ' E ash,paf,psh,sc,dth
' igf t E° cf,ax,athi, kn
* E* cf,athi,kn,el !
1 '
6 ' E paf,psh,sc,dth, * E psh,sc,dth
' pop ' E* umar,ax,paf,pop
' E* umar,athi,kn, '
' pthl,ple !
t 1
1 1
AV, 4,6
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Table LII
Test No, 72 = Field Set

(Light Weight Simplified) Impregnation

Date Started: 3/27/45

No, of Exposures Readings (Hours after Last Exposure)

Tolerated ' 54 i 48"
1 )

9 ' NPV sc * NV sc,psh
' ' E umar,par,el,dth
' 1

11 ' NV psh,sc * NV psh,C
' E aar * E¢ aar,c
' E° athi,kn,pop 1
] 1

113 ' E» dh,wr,athi,kn, ' No Readings
' psh,par,el,pthi,:
' pop,ple !
1 !

: 11l ' E° ¢f,fe,athi,kn ' No Readings

1 ]

1l ' E aar,cf ' No Readings

. ' E° athi,kn,psh,sc !
! !
Ave 10,64
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Teble LIII

Test No, 7b ~ Concurrent Control Test for

Field Set (Light Weight Simplificd) Impregnation

Low CP (25%) Bystem
Date Started: 3/27/45

This test was conducted concurrently with
Test No. 7a (Teble LII), The date are presented
in Teble XXX as Test 2f (Low CP System). The
average number of cxposurcs toluratcd was 4,3
(4/4 men broken),

CONFILENTIAL




Table LIV

Test No, 8a - Foam Process Impregnation

Date Started: 5/18/45

No, of Exposures

Readings (Hours after ngt Exposure)
4

Tolerated ' 24 '

' S . . _ :

73 ' No Readings E° or ' E° el,pop
| Groater !
' 1

7 ' NV psh * NV ¢cl1,psh
' E* ash,cf,aaf,athi, ' E° ash,cf,aaf,athi, kn,
! kn,ale,paf,par, ' ale,paf,el,sc,dth,
' el,sc,dth ' pthi,pop,prle
1 !

6 ' E ax _ ' E ax ‘
* E° athi,kn,ale,paf, ' E* ash,aar,cf,athi, kn,
! psh,el,sc,dth, ' ale,psh,el,sc,dth,
' pthl,pop,ple ' pthi,pop,ple
! 1

7 ' E ash,athi,kn,ale, ' E ash,athi,kn,ale,paf,
! paf,psh, sc,pop ' psh,sc,dth,pop
' E* umar,aar,cf,ax, ' E° aar,cf,lth,vth,par,
' 1th,par,el,dth, ° el,pthi,ple
' pthi,hple '
' )

S ' E paf,psh,sc ' E paf,psh,sc
' E° ash,aer,athi kn, ' E° ash,umar,eaf,lth,
! dth ! athi,kn,ale,dth
1 !

6 ''E cl ' E cl
' E° kn ' E° kn
L] 1

Av, 6,3+

CONFIDENTIAL
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Table LV

Test No, 8b - Concurrent Control Test for

Foam Process Impregnation - Low CP (25%) System

Date Started: 5/15/45

This test was conducted concurrently with
Test No. 8a (Teble LIV), The data are presented
in Table XXXII as Test No, 2h (Low CP System).
The average number of exposures tolerated was
7.9+ (14/15 men broken),

CONFIDENTIAL
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Distribution: ‘5

Bu Ships

Bu Med

OR&I

CNO

CO, Naval Unit, EA
CWs, Tech, Div,
CWS, Med, Div,
Cws, Med, Div, EA
NDRC

NRC, Viash, D, C,
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